pidemiological studies of pregnancy outcomes of women with epilepsy are important, primarily to inform choice of treatment options in clinical care of pregnant women and to inform counselling, the need for prenatal and postnatal screening, and the need for early medical, behavioural, or educational intervention.
In this issue (page 251), Dean et al report on a long term follow up of the health and neurodevelopment of children exposed to antiepileptic drugs before birth. They did this by consulting obstetric records to identify mothers with epilepsy who delivered in a single maternity unit between 1976 and 2000, inviting mothers to participate in the study by letter via their primary care physicians, conducting an interview with participant mothers, and consulting a variety of medical and child health records. The oldest children in the study were 15 years of age.
There is a fairly solid consensus that epilepsy in pregnancy treated with anticonvulsants is associated with an overall two-to three-fold increased risk of congenital malformation compared to the general population. The first challenge of the epidemiological approach is to mount sufficiently large studies. Since epilepsy is fortunately uncommon (6 per 1000 pregnancies or less), and since major congenital malformations are uncommon (2-3% of all births), every 10 000 pregnancies will yield only three or four cases of major congenital malformation born to epileptic women. Kallen, 1 reviewing the results of 24 studies, indicated that nearly half of these studies included fewer than 150 infants born to epileptic mothers and did not have the statistical power to reveal a twoto three-fold raised risk of major malformation. It is generally necessary therefore to make a combined assessment of existing studies, particularly when assessing risks of specific anomalies. Schardein 2 reviewed 17 cohort studies including a total of 2168 infants of women receiving anticonvulsant treatment to calculate absolute risks of 1.8% for congenital heart disease and 1.7% for facial clefts, the two types of congenital anomaly most commonly associated with maternal epilepsy. Similarly, very large studies or pooling of studies are needed to investigate differences in risk between different types of drug. The study of Dean et al makes a further contribution to the pool of available data on the risk of specific anomalies and their association with specific drugs.
A smaller body of research has tackled the longer term neurodevelopmental outcome of exposed children, these studies having the added problem of achieving follow up of the cohort of children identified and obtaining more complex neurodevelopmental data. In the study of Dean et al, of 411 women identified from obstetric records as having epilepsy, one quarter had moved away and were therefore not available for follow up, and two fifths of those still in the area did not participate in the study, leaving 149 participants. This rather low follow up rate reduced the statistical power of the study and also raised the question of bias: were those who moved away or who did not participate more or less likely to have experienced adverse pregnancy outcomes than the participants? Developmental delay was defined as having any one or more of a need for speech therapy in child health records, not sitting by 10 months, not walking by 18 months, or special educational needs at school. This record based assessment contrasts with the methodology available to prospective cohort studies, where standardised neurodevelopmental assessments can be made. For example, Gaily et al 3 assessed their exposed and control children at the age of 5 years with standardised psychological and neurodevelopmental evaluations, and Wide et al 4 applied a standard developmental test to 9 month old infants. Such studies also have the opportunity to carry out testing blind to the disease or treatment status of the mother.
Why do some epidemiological studies find evidence of an increased risk of developmental delay or malformations and others not? The most superficial reason is alluded to above, that some studies simply lack statistical power to find differences in risk between the exposed cohort and the comparison group, particularly for rarer/newer drugs or rarer health outcomes. In addition, owing to the very wide range of drugs and outcomes studied, multiple statistical testing will throw up a certain number of "false positive" results where the difference between exposed and unexposed groups is simply the result of chance. At the usual significance level of 5%, for example, 5% of comparisons will find a statistically significant difference where there is no true underlying difference in risk. Differences in outcome between different drugs can similarly be chance differences. Thus, for example, Dean et al's finding that developmental delay is associated with all the major drug types but not phenobarbitone should be interpreted with caution until assessed for its consistency with other studies.
There are also more informative reasons why results of studies may conflict, relating to study design. Since studies are observational rather than experimental, they are open to various sources of bias. Bias can result from selection of a comparison group which differs from the cohort of epileptic women in other respects than disease or treatment status. For example, one study found epileptic mothers to be younger at delivery of their children and more likely to be of lower social class 5 than the population of the same region, emphasising the need to control or match for these characteristics. Bias may also result from differing levels of and reasons for non-participation in the exposed and comparison group. Apparently conflicting study results can arise through differences in the measures of developmental delay (see above), behavioural disorder, fetal anticonvulsant syndrome, 6 7 or minor anomalies. 4 7 Studies may differ in how conditions are grouped together for analysis or inclusion criteria for study and control children, such as restricting study to children with normal intelligence 3 or to cases without family history. Where the general population is used as a comparison, it can be difficult to find truly comparable statistics. For example, population studies of congenital malformation prevalence may ascertain cases of malformation more or less completely than a study of a cohort of epileptic women, especially with regard to anomalies diagnosed after the neonatal period. Ten of the 36 children with major malformations in the study of Dean et al had an inguinal hernia, a condition which is on the exclusion list for many congenital anomaly registers and therefore does not appear in general statistics. 8 Population statistics concerning later developmental outcomes tend not to be available or are based on poorly standardised assessments. Thus, true differences can be masked and false differences observed. Dean et al chose not to compare their findings with a cohort of non-epileptic women or the general population, but to identify a cohort of untreated epileptic women as the comparison group.
Finally, results of studies may differ because of true differences between the populations of the study. Women with epilepsy in different populations may differ with regard to the proportion following optimal treatment regimens or in genetic susceptibility to drug effects. 9 If the study is not truly population based, there may be a tendency to enter into the study only women with severe epilepsy who attend particular types of clinic.
In the treatment of the pregnant epileptic woman, the potential harm to both mother and fetus of the epilepsy itself must be weighed against the potential harm of the drug treatments. Maternal epilepsy may affect fetal and child health through the effects of seizures during pregnancy, or through the genetic background associated with epilepsy, or through differences in maternal behaviour or family circumstance, pre-or postnatally. One problem in studies which set out to distinguish between the effects of the drugs and of the epilepsy itself is that few epileptic women do not have treatment and these women usually differ from those receiving treatment in other ways, including the characteristics of their epilepsy. In the study of Dean et al, for example, the non-exposed comparison cohort were taken to be 38 sibs of exposed cases who were not themselves exposed in utero, either because they were born before epilepsy developed or because the mother took no treatment. Apart from being unrepresentative, this comparison group is also very small, reducing the statistical power of the study to find differences between the exposed and unexposed cohort. The average age of the unexposed children was higher than that of children exposed to most drug treatments, posing potential problems in assuring that comparable medical and neurodevelopmental information was available throughout the study period.
To distinguish drug effects from disease effects, there are two main epidemiological arguments, as discussed by Dean et al. The first is to look for specificity of individual drug malformation associations, that is, if a type of malformation is associated with only one type of drug, it is more likely to be a drug than a disease effect. For example, a specific association between spina bifida and valproic acid and perhaps carbamazepine is suggested by some published reports. 10 11 However, specific indications for different drugs may confound this assessment of specificity. For example, phenytoin has been used for more severe epilepsy. The second argument is to look for a relationship between risk of adverse pregnancy outcome and dose or monoversus polytherapy, again an indicator of the drug itself as causal agent, although the severity of the epilepsy may again confound this association. A fairly consistent finding, supported by the results of Dean et al, is that the risk of polytherapy is greater than monotherapy, and this has led to current guidelines advising monotherapy during pregnancy. International or multicentric studies can be a useful tool to try to dissociate drug and disease, because of the wide variations existing in treatment practice. 12 13 Studies over long time periods can also track changes in treatment independently of epilepsy.
14 The study of Dean et al covered a 15 year time period, differences in mean age of offspring of different drug treatments reflecting changes in drug treatment, also probably tending to dissociate drug and disease characteristics. On the other hand, the overall results relate to drug regimens that are in part no longer current, for example, phenobarbitone and phenytoin are now used less frequently.
A third way of distinguishing drug from disease effects is to introduce a further comparison group, those who receive antiepileptics for conditions other than epilepsy. 7 15 Finally, studies of children of fathers with epilepsy can shed light on the importance of the genetic background in causing an excess risk of malformations. 1 It is perhaps surprising that there is not more information available to evaluate accurately the health risks of maternal epilepsy and antiepileptic treatment for the fetus and child. In the study of Dean et al, nearly one third of the exposed cohort of children had either a major malformation or developmental delay, emphasising the importance of the problem. Further research with follow ups into childhood is clearly needed. It could even be argued that collecting basic information on long term outcome should be part of clinical care. The way forward should involve multicentric studies of large numbers of exposed pregnancies, with suitable control groups of unexposed (non-epileptic and epileptic non-treated) pregnancies, standardised assessments of outcome, and detailed information regarding seizure history and drug treatment. Single centre studies should design and report on their studies with a view to the need for meta-analysis or combined assessment of results across studies. Furthermore, as Dean et al conclude, it is likely that future research will want to focus on why, while the majority of children of epileptic women on antiepileptic drugs experience "normal" health and development, some experience significant problems, and thus how we can predict more precisely those at risk and target therapies more effectively. 9 While further research is clearly needed, there is also evidence that existing knowledge is not being effectively incorporated into health care in all communities. 16 In the UK, national guidelines are needed for treatment of epilepsy in women of child bearing age. These should address a range of issues, including whose responsibility it is to speak to teenagers/young women about potential problems should they become pregnant. 
E
xposure to anticonvulsant drugs during pregnancy is one of the most common potentially teratogenic exposures, occurring in 1 in 250 (0.4%) of pregnancies in a recent study in Boston. 1 The teratogenicity of these drugs was first postulated in the 1960s, with a consensus developing in the 1970s that a distinctive anticonvulsant embryopathy was produced. Two theories developed as to the cause: (1) the mother's underlying epilepsy 2 and (2) the anticonvulsant drug. 3 All anticonvulsants marketed up to 1976 have been shown to be teratogenic, with varied manifestations and degrees of severity. Hopefully some of the "new" anticonvulsants marketed in the 1990s, for example, gabapentin (1993), lamotrigine (1994), and topiramate (1996), will be shown not to be teratogenic.
PATTERNS OF EFFECTS
I define a teratogenic effect as any harmful fetal effect from an exposure during pregnancy. Some effects are apparent at birth and others at older ages. The most common abnormalities identified in newborn infants are major malformations, midface and digit hypoplasia, microcephaly, and growth retardation. Experience has shown the importance of systematic evaluations 4 for these outcomes, including definitions of the physical features being looked for, measurements, inclusion and exclusion criteria 5 for major malformations, and regular assessments of the reproducibility of the findings. 6 7 Major malformations Theoretically each anticonvulsant drug could produce specific or distinctive abnormalities; a few have been identified. Five percent of valproic acid exposed infants in one large study 8 and 1% of carbamazepine exposed infants 9 had spina bifida; nothing distinctive about the spina bifida lesion has been reported and the frequency of other neural tube defects, such as anencephaly, is not increased. Long bone and preaxial deficiencies in valproic acid exposed infants have been reported. 10 Stiff, tapered fingers with absent or very small nails in phenytoin exposed infants, in association with radiographic changes, for example, coned epiphyses and shortened and hypoplastic distal phalanges, have been found in phenytoin exposed infants.
11 Vascular disruption limb anomalies, such as terminal transverse limb defects with nubbins, 12 have been seen in occasional phenytoin exposed infants.
Since these associated major malformations are relatively uncommon, even in infants exposed to these specific drugs, the major malformations identified most often in anticonvulsant exposed children are those which also occur in unexposed children: heart defects, hypospadias, club foot, and cleft lip or palate. [13] [14] [15] It is usually difficult to know if an infant's major malformation is "the result of " the fact that his/her mother had taken an anticonvulsant drug during pregnancy. Theoretically, this could be presumed if the infant has some of the other features of the anticonvulsant embryopathy, such as the infant with holoprosencephaly who had the minor craniofacial and digit anomalies of the phenytoin embryopathy. 16 In one analysis, 17 the infants with a drug specific feature, such as the "anticonvulsant face" or midface hypoplasia, were more likely to have the other features of the embryopathy than control infants.
Microcephaly and growth retardation
Initial reports of children with the hydantoin, 3 carbamazepine, 18 and phenobarbital embryopathy 19 proposed that microcephaly and growth retardation were fetal effects of these exposures. But this outcome could have reflected the effect of polytherapy in some of the children evaluated. More recent studies of infants exposed to phenytoin, carbamazepine, and phenobarbital as monotherapy did not identify an increased frequency of microcephaly. 20 21 An appropriate comparison group by race and altitude 22 is crucial to these analyses.
Midface hypoplasia
The most common features are depressed bridge of the nose, short nose with anteverted nostrils, and long upper lip. Less common features are a broad bridge of the nose, thin vermilion, a small mouth, and a wide philtrum. 23 Cephalometric radiographs of children who had been exposed to either phenytoin alone or phenytoin plus phenobarbital have shown significant changes in the facial bones and the cranial base: decreased length and height of the maxilla, decreased length of the posterior cranial base and mandible, altered maxillomandibular relationship, and shortened nasal bone. 24 These changes persist beyond childhood.
Because two other teratogens, thalidomide and tetracycline, affect the teeth of children exposed in utero, the size and shape of the teeth in panoramic radiographs and dental casts from children exposed to either phenytoin alone or phenytoin and phenobarbital as polytherapy were analysed. 25 An increased frequency of missing teeth and an increase in the mesiodistal diameter, particularly in the maxillary molars, was found. It will be important to determine whether other anticonvulsants produce similar changes in cranial structures and teeth.
Digit hypoplasia
An increased frequency of arch patterns and shortening of the distal phalanges has been reported in several studies. [26] [27] [28] Changes in the frequency of other dermal ridge patterns also occur, but are less common. 29 The higher frequency of arch patterns could reflect the fact that the prenatal exposures made the developing pad on the ends of the fingers lower than the pads associated with developing whorl and loop patterns. 30 Hand radiographs of anticonvulsant exposed children show hypoplastic or malformed distal phalanges, coned epiphyses, pseudoepiphyses, and shortened metacarpals. 11 In a study of 46 children between the ages of 5 and 29 years, 14% of the phenytoin and/or phenobarbital 
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exposed subjects had at least two of these changes. 11 Since the measured nail sizes of these children in this study were not reduced, it was concluded that the presence of digit hypoplasia was determined most consistently from examining dermal ridge patterns and radiographs, not clinical inspection. The radiographs of the toes of the same subjects did not show a significant increase in the frequency of epiphyseal changes. 31 Cognitive function Assessments of intelligence have been the most common studies reported in older anticonvulsant exposed children and teenagers, 3 18 19 32-35 some of whom have shown evidence of cognitive dysfunction.
Phenobarbital
The evaluation of 33 adult men showed a deficit of 7 IQ points 32 with confounding by socioeconomic factors and a dose response relationship; another study 33 of 23 matched pairs aged 6.5 to 16 years showed a difference of 11 full scale IQ points, with the phenobarbital exposed also having specific problems with either language expression or reception.
Phenytoin
The study 34 of 34 mother-child pairs showed a 10.6 (±27.9) IQ point difference in 2 to 3 year olds compared to 34 matched pairs. Adams et al 33 evaluated 21 phenytoin exposed children aged 6.5 years and older in comparison to matched controls and found no difference in comparison to 21 matched controls.
Phenytoin and phenobarbital A study 35 of 15 drug exposed children showed, in comparison to controls, a deficit of 10 IQ points in both the Wechsler Full Scale IQ and the Performance IQ at 4.5 years and older.
Carbamazepine Thirty-six mother-child pairs showed no difference at ages 2 to 3 years between those exposed to carbamazepine and the 33 mother-child pairs in the comparison group. 34 Based on the information published so far, the greatest concern about cognitive dysfunction is for children exposed in utero to valproic acid. Since the reports have come from case series 36 37 and not systematic, controlled studies, it is difficult to know how frequent developmental delay and mental retardation are in valproate exposed children. An additional concern is the occurrence of autism in case reports of children exposed to valproic acid during pregnancy 38 39 ; a systematic study of this very serious potential fetal effect is needed.
While these small systematic studies and case series show that cognitive dysfunction can be an effect of prenatal exposure to anticonvulsants, the limitations of the studies cited above illustrate the major issues and potential confounding factors to be considered: the test instruments and subtests used; the sample size should have adequate statistical power; the comparison group should be well matched; the evaluators should be masked as to exposure status; the age of the children being evaluated, children aged 6 years and older have a larger repertoire of knowledge to be tested and the findings should be more consistent than those in 2 and 3 year-olds; the intelligence of the parents of the exposed and comparison child should be assessed and considered in the analysis; the mother's history of epilepsy posing a "genetic" risk to each of her infants; the seizures which the mother had during the child's pregnancy; the presence of the features of the anticonvulsant embryopathy in the drug exposed child and the comparison child.
Hopefully future studies will include as many of these confounders as possible with the detailed analysis of the children and their parents.
The fetal effect of each potential confounding factor could theoretically be evaluated in separate studies. This has been done for the potential "genetic" risk to the fetus from the mother's history of epilepsy in a pregnancy when she was not taking an anticonvulsant drug and did not have seizures severe enough to make her unconscious. 40 In this study, 57 seizure history (no drug) exposed children had no dysmorphic features and their intelligence was the same as that of the 57 matched controls. The power of the study was adequate to rule out a difference of 7 IQ points.
Late onset effects
An exposure during pregnancy can also produce fetal effects that are only apparent when that person is a teenager or young adult. Two examples from studies of other teratogens are the altered social behaviour in adult men who had been exposed in utero to diethylstilbestrol 41 and the higher frequency of diabetes mellitus in adults with congenital rubella. 42 Recently, Dessens et al 43 reported an increased frequency of cryptorchidism in males exposed to phenytoin and/or phenobarbital during pregnancy and, later, menstrual irregularities in adult women. Dean et al report on page 251 of this issue of JMG the findings in a retrospective review of the medical records of 293 anticonvulsant exposed children. They identified an increased frequency of developmental delay, behaviour disorders, and a diverse group of medical problems that included refractive errors in vision, joint laxity, and otitis media (only in valproate exposed children). 44 presented his clinical observation that parents with one child with phenytoin embryopathy had a higher risk of having a second affected child than the parents whose anticonvulsant exposed fetus showed no signs of the embryopathy in childhood. Both Van Dyke et al 45 and Moore et al 37 confirmed the increased recurrence risk after the birth of an infant with the anticonvulsant embryopathy. Several hypotheses have been developed to explain why some infants of mothers taking anticonvulsant drugs have this apparent genetic susceptibility: (1) decreased function of epoxide hydrolase (EPHX1), an enzyme which metabolises phenytoin, postulated to be the result of an autosomal recessive gene in one study 46 and an autosomal dominant mutation in another 47 ; (2) altered distribution of polymorphisms in microsomal EPHXI, no abnormalities were identified in one study of 16 subjects with the anticonvulsant embryopathy (L Walsh, J K Hartsfield Jr, personal communication); (3) production of free radicals by phenytoin 48 ; (4) inhibition of potassium channel function 49 , which produces injury by hypoxia and reperfusion; (5) decreased maternal serum folate, possibly associated with a deficiency of methylene tetrahydrofolate reductase. 50 Counselling the pregnant woman taking an anticonvulsant Because exposure to anticonvulsants is so common among pregnant women, it is important that all health care professionals be able to inform her of the potential for fetal effects and her options in her treatment, which include: take a daily folic acid supplement before conception; take the anticonvulsant drug as monotherapy, if possible; keep the dose of the anticonvulsant drug during pregnancy as low as possible, as the lower the dose presumably the lower the risk of a harmful fetal effect. Describe the increased risk for the spectrum of common malformations; do not emphasise an increased risk for cleft lip and palate, as this has been notable only for phenobarbital with an odds ratio of about 3. 15 Even when the mother takes phenobarbital, that risk should be put in the context of the rate in that mother's ethnic group: if she is white, the baseline risk is about 1:1000 or 0.1% and a three-fold increase makes the risk 1:333 or 0.3%. This de-emphasis would help make her concerns more realistic.
Genetic susceptibility
Twenty years ago, David Smith
Future directions
This review highlights the need for more information on many aspects of the teratogenicity of anticonvulsants. First, hopefully the "new" anticonvulsants will be shown not to be teratogenic. Second, determine whether taking folic acid conception reduces the risks for a harmful fetal effect. Third, do anticonvulsant exposed children have an increased risk for cognitive dysfunction? Fourth, the "anticonvulsant face" is a common effect; is its presence associated with an increased risk for cognitive dysfunction? Fifth, studies are needed to identify the candidate genes that are associated with the familial clustering of children with the anticonvulsant embryopathy. One would predict that each drug will have its own molecular mechanism for conveying this risk. Hopefully, it will be possible to identify the woman with a high risk for a teratogenic effect from taking one anticonvulsant drug and to select a lower risk treatment for her. pilepsy causes disadvantage for many reasons, and for women there are particular problems associated with epilepsy in pregnancy. Some are the direct result of seizures, some result from the drug treatment, and some are secondary handicaps because of stigmatisation. It was not very many generations ago that women with epilepsy were routinely advised not to reproduce, and in many countries, even in recent times, there have been legal interdictions on marriage and childbearing. In the western democracies, less prejudicial attitudes now prevail, but recent epidemiological evidence still shows that women with epilepsy, when compared to controls, have lower fertility rates, 1 children born later, lower rates of marriage, 2 higher rates of sexual dysfunction, 3 and hormonal changes. 4 There are currently about 75 000 women of childbearing age on treatment for epilepsy in the UK, 1 and about 0.3-0.4% of all births are to mothers with epilepsy. The neurologist has a duty to provide information and advice on many issues relating to the management of epilepsy in pregnancy, an increasing imperative as these issues have become the focus of much public interest. A key to all decision making is that the women should be fully involved and informed about the choices, and decisions made after full discussion.
Ideally the issues relating to epilepsy and pregnancy should be brought up well in advance of any planned pregnancy to allow informed and well considered choices. In preconceptional counselling, it is first necessary to decide whether treatment is indicated at all. This will depend on an assessment of the balance of risks of drug treatment versus those of the untreated epilepsy. A decision to withhold treatment might be made, for instance in some patients with minor seizures, reflex seizures, seizures at night, or infrequent seizures. Rules are not possible to formulate and decisions are highly individual.
The risk to the fetus of the antiepileptic drugs (the risk of teratogenicity) is of course a major concern, but understanding of this topic is evolving and this complicates the advice that can be given. The first conclusive report of anticonvulsant teratogenicity was a letter in The Lancet by Meadow, 5 who reported hare lip and cleft palate and other abnormalities in six children whose mothers were taking phenytoin, barbiturate, and troxidone. Before this, there were no concerns about prescribing in epilepsy during pregnancy, and it is worth noting that phenobarbitone had been in use since 1912, phenytoin since 1938, and troxidone (a severe teratogen) since 1946. Other reports followed, and by the mid 1970s it was believed that the risk of fetal malformation in the infants of mothers taking antiepileptics was about twice that expected. 6 7 Nevertheless, the orthodox advice was still generally that mothers should continue therapy (with folate supplementation) in view of the greater perceived risk of uncontrolled epilepsy. In 1975, the fetal hydantoin syndrome was first reported. 8 At that time, the main prescribed antiepileptics were phenytoin, phenobarbitone, carbamazepine, and valproate, and the latter two drugs were increasingly recommended as first line drugs of choice in pregnancy. In 1981, valproate induced spina bifida was first reported, a risk estimated now to be about 1-2%, 9 and during the 1980s reports accumulated of this and other major malformations resulting from valproate. An editorial in the BMJ in 1985, however, still placed valproate as the drug of choice for grand mal epilepsy in young women. A fetal valproate syndrome was first suggested in 1987, although its features and indeed its existence are still controversial. Spina bifida was noted to be associated with carbamazepine in 1990 (now thought to have a frequency of about 0.5-1% of exposed pregnancies), but during the 1990s most opinion concurred that this was the safest of the conventional drugs. Large studies were carried out in the 1990s, and a review in 1995 ranked the drugs for teratogenetic risk (in decreasing order: primidone, valproate, phenytoin, carbamazepine, and phenobarbitone). In recent studies, major malformations have been reported in between 6-9% of newborns exposed to maternal antiepileptics, a two-to threefold greater risk than in unexposed children. [11] [12] [13] [14] Specific patterns occur, with valproate exposure associated with neural tube and skeletal defects, carbamazepine with neural tube and congenital heart defects, and phenytoin with congenital heart and digital defects and orofacial clefts. 15 A range of newer drugs has been introduced to treat epilepsy in the last 10-15 years (including vigabatrin, lamotrigine, topiramate, tiagabine, and levetiracetam), but experience in pregnancy, even after 10 or more years of prescribing for some of these drugs, is slight and their teratogenetic potential is unclear. Some have proven teratogenicity in animals, and in view of the delay in recognition of the teratogenicity of previous drugs, there is a general, but not universal, reluctance to expose pregnant women to an essentially unknown risk.
The research emphasis until quite recently has been on the potential for antiepileptic drugs to cause major morphological anomalies. Growth retardation and minor morphological changes (for example, those comprising the socalled fetal syndromes of phenytoin, valproate, barbiturate, or benzodiazepines) are more controversial, and studies are confounded by genetic as well as other congenital factors, leading some to suggest that the various minor changes are in fact often not the result of medication. 16 In the past few years, evidence has also been gathered suggesting that the antiepileptic drugs given in utero may result in intellectual disability and behavioural change in the offspring in later life. [17] [18] [19] This is a worrying spectre, but conclusive proof is lacking to date. The article by Dean et al on page 251 of this issue adds to the concerns. Studies are of course difficult, and gold standard blinded and prospective investigations will take years to perform. If antiepileptic drugs, taken during pregnancy, do have a downstream effect on learning and behaviour, which is only manifest years after birth, the risk/benefit ratio of taking/not taking drugs during pregnancy will be altered. The frequency and severity of these effects is still essentially unknown, and predictive factors have not been identified. This makes neurological advice very difficult to give. The situation is complicated by the activities of some pharmaceutical companies, who since the mid 1990s, have been actively marketing drugs on the basis of their presumed safety or otherwise in pregnancy, making claims which have obscured rather than clarified rational decision making.
What advice about teratogenicity should be given to the women contemplating pregnancy now? The known risks of the major malformations should be discussed, and the potentially greater . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Antiepileptic drug therapy during pregnancy: the neurologist's perspective risks of relatively minor morphological changes. The possibility of later intellectual or behavioural difficulties should be raised, but it should be emphasised that currently the risk is unquantifiable. Some epilepsies are the result of genetic and heritable factors which may also be associated with intellectual delay, and the differentiation of drug versus genetic parental influences can be very difficult. Any counselling about risks of neurological defects in the offspring require an understanding of the maternal epilepsy syndrome. As the risk of teratogenicity is greatest with exposure in the first trimester (the time of greatest sensitivity is 3-4 weeks for neural tube defects, 4-8 weeks for congenital heart defects, and 6-10 weeks for orofacial clefts) and the risk of seizure related fetal injury greatest in the last trimester, one strategy is to initially withhold treatment and to start therapy in the second or third trimester. This course of action requires counselling and experience. If a women presents for advice regarding therapy having discovered that she is already pregnant, the drug influences causing major malformation may well have already applied. Altering therapy will therefore not reduce these risks. More subtle effects (for example, growth retardation, minor anomalies, cognitive effects), though, may develop later, and, again in spite of any conclusive evidence, it thus seems reasonable to reduce therapy where possible.
The women must weigh up the risks of drug therapy against those of seizure induced morbidity and mortality, both to her and the unborn fetus. Maternal morbidity includes the physical risks of accidents and the many psychosocial consequences of active epilepsy. Fetal morbidity in epilepsy is largely related to the mechanical risks of falling and of convulsions during the later stages of pregnancy, to the risks of seizures occurring during delivery, and to status epilepticus. Convulsions during delivery are a particular problem. These have resulted in maternal death and also in fetal asphyxia. 20 One to two percent of women with epilepsy will have a convulsion during delivery, 21 22 a risk presumably lowered by therapy. A case report of complex partial seizures during labour showed significant fetal heart rate decelerations and prolonged uterine contractions, 23 and most seizures will also impair the mother's ability to cooperate during the delivery. These facts no doubt contribute to the greatly increased rate of caesarian section among epileptic women. Prolonged seizures, and in particularly status epilepticus, carry an undisputed risk. Teramo and Hiilesmaa, 24 for instance, reported fetal death in about 50% of cases with status epilepticus during pregnancy and in 30% of the mothers. There is also some experimental evidence that seizures during pregnancy can have deleterious effects on the fetus, perhaps because of exposure to the short duration episodes of hypoxaemia or lactic acidosis which accompany severe seizures, although significant damage induced in this manner seems intuitively unlikely. Prospective studies have not shown an increased risk of birth defects in mothers who have seizures during pregnancy, although there are case reports of cognitive dysfunction in the offspring of women who have had convulsive as well as nonconvulsive seizures during pregnancy. 17 Currently, most women with epilepsy are treated with antiepileptic drugs and the decision not to do so needs to be taken by a neurologist experienced in this area, and after full and frank discussion of the risks with the patient.
There are other points which should be part of the neurological management of epilepsy in pregnancy and prepregnancy counselling. Primary among these is the prescription of folic acid. Folate has been clearly shown to reduce the frequency of neural tube defects in the normal population. 25 26 As some antiepileptic drugs (for example, phenytoin, phenobarbitone, and carbamazepine) reduce folate levels, and as neural tube defects are increased by therapy with some drugs (for example, valproate and carbamazepine), it seems sensible to ensure folate is taken by pregnant women with epilepsy, although it has to be admitted that few studies have been carried out to show beneficial effects in epilepsy. Folate should be given at higher doses (4 mg/day is often recommended) than in non-medicated women owing to the diminished absorption and increased metabolism of folate in patients on hepatic enzyme inducing antiepileptic drugs. Second is the question of monitoring and investigation. High quality ultrasound at 16-20 weeks of gestation has a high sensitivity and specificity in detection of major malformations, including more than 90% of neural tube defects, and a high proportion of cardiac malformations, skeletal defects, and orofacial clefts. If therapeutic termination is acceptable, this reduces very considerably the risks of offspring with malformations. Ultrasound at week 33-34 can also be useful in showing intrauterine growth retardation. Amniocenteses for amniotic fluid alpha-fetoprotein can be considered, but carries a 0.5-1.0% risk of precipitating abortion. Tailoring antiepileptic drug therapy can also be important. Where possible, single drug therapy should be used, as the risks of teratogenicity are clearly shown to be greater in polytherapy. It has widely been recognised since the 1980s that the more drugs that are used in combination, the greater are the risks. The dose of the chosen drug(s) should be minimised, as there is a clear relationship between dose of some drugs (for example, valproate) and teratogenic effect. The total dose of valproate (and possibly other drugs) should be divided and given three or four times a day to minimise high peak concentrations of the parent drug or its metabolites. The pharmacokinetics of most antiepileptic drugs change in pregnancy, and levels of phenytoin, phenobarbitone, and carbamazepine tend to fall, especially in later pregnancy. 22 27 28 The ratio of free/total serum levels of phenytoin alter in pregnancy and measurement of free levels is in some circumstances more reliable than that of total levels. Maternal ingestion of enzyme inducing antiepileptic drugs can result in low fetal vitamin K levels, and a consequential risk of perinatal haemorrhage owing to induced deficiencies of factors II, VII, IX, and X. Widely given advice, therefore, is to give oral vitamin K 1 at a dose of 10-20 mg/day to the mother in the last month of pregnancy and also 1 mg intramuscularly to the infant at birth. 29 30 Counselling of the pregnant women (and the women contemplating pregnancy) should also include advice on the risk of epilepsy in the offspring, the increased risks of complications during pregnancy, [31] [32] [33] the advisability of breast feeding, [34] [35] [36] and precautions to be taken if maternal seizures are likely in relation to the care of the newborn. The commonest complaint of patients with epilepsy about hospital outpatient services, in the UK and elsewhere, is a perceived lack of information. 39 This has been found to be particularly true for advice about pregnancy in epilepsy, and there is no area in epilepsy practice in which counselling and discussion are more important. 
